Abstract. The aim of this study was to investigate the protein expression of DNA methyltransferases (DNMTs, including DNMT1, DNMT2, DNMT3A, DNMT3B and DNMT3L) and methyl-CpG-binding domain protein 2 (MBD2) in gastrointestinal stromal tumor (GIST). Immunohistochemistry and western blot analysis were used to detect expression of DNMT and MBD2 in 15 pairs of adult GIST and matched non-tumor tissues. The protein expression of DNMT1, DNMT2, DNMT3B, DNMT3L and MBD2 was significantly higher in adult GISTs compared to the matched non-tumor tissues (P<0.05). However, no significant difference was detected in the protein expression of DNMT3A between tumor and non-tumor tissues (P>0.05). Associations between DNMT1 expression and mitotic index, DNMT3B expression and tumor size, as well as DNMT3L expression and Helicobacter pylori infection were detected in GISTs (P<0.05). In conclusion, GISTs exhibit a high protein expression of DNMT (with the exception of DNMT3A) and MBD2.
Introduction
Epigenetics is the study of inherited genetic changes that occur without changes to the naked DNA sequence, including DNA methylation, histone modification, chromatin remodeling and non-coding RNAs (1) . DNA methylation is the most widely researched epigenetic alteration in human tumors. Human tumor cells exhibit abnormal DNA methylation patterns including the hypermethylation of CpG islands in tumor-suppressor genes (TSGs) and a global loss of DNA methylation in the genome (2) . These changes, correlated with the inactivation of TSGs and the activation of oncogenes, may promote tumor progression (3) . Abnormal expression of DNA methyltransferase (DNMT) and demethylase (MBD2) are regarded as important causes for the aberrant DNA methylation that occurs in tumors (4) . High levels of DNMT and MBD2 expression may contribute to tumor progression through the hypermethylation-mediated inactivation of TSGs in CpG islands (5) . In this study, the gastrointestinal stromal tumor (GIST) was used to analyze the expression of DNMT (DNMT1, DNMT2, DNMT3A, DNMT3B and DNMT3L) and MBD2. This study is considered to be useful for future epigenetic investigations on GIST.
Materials and methods
Ethics statement. The experimental procedures were approved by the Ethics Committee of The First Affiliated Hospital of the Chongqing Medical University (Chongqing, China).
Clinical specimens. Fifteen pairs of adult GIST and matched non-tumor tissues (located >2 cm from the tumor area) were obtained from the gastric resection specimens in The First Affiliated Hospital of the Chongqing Medical University. The GIST samples were confirmed by pathological analysis (including KIT: +, CD34: +, DOG-1: +, SMA: +, S-100: -). The samples were prepared for immunohistochemistry and western blot analysis to determine the expression of DNMT and MBD2.
Immunohistochemistry. The streptavidin-peroxidase (SP) method was performed. Primary antibodies specific to DNMT1, DNMT2, DNMT3A, DNMT3B, DNMT3L and MBD2 were purchased from Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA. The SP and DAB kits were obtained from the Beijing Zhongshan Company (Beijing, China).
Evaluation of staining (immunohistochemistry).
Expression of DNMT and MBD2 were assessed by scoring the staining intensity and proportion. The staining intensity was determined as negative, 0; light, 1; moderate, 2 or strong, 3. The staining proportion was determined as 1 (≤25%), 2 (≤50%), 3 (≤75%) or 4 (>75%). The two values were multiplied for each slide to produce a terminal score. In case the score was higher in the tumor compared to the matched control, the pair of tissues was marked '+'. The opposite condition was marked '-'. In case the scores were the same, the pair was marked '0'. Terminal scores of 0-2 were defined as negative expression, while 3-12 were defined as positive expression.
Expression of DNMTs and MBD2 in GIST
Western blot analysis. The western blot analysis was carried out as decribed in a previous study (6) . Materials used in the analysis were obtained from the Beyotime Company (Jiangsu, China).
Statistical analysis. Data were presented as mean ± SD. Standard statistical analysis was performed using the SPSS Table I . Positive DNMT and MBD2 expression in differential clinical characteristics of GIST. .05, t-test, mean ± SD, n=15). Actin was used as the internal control.
17.0 package software. The Wilcoxon signed-rank, χ 2 , Fisher's exact and Student's t-tests were used in this study. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of DNMT and MBD2 in GIST tissues. GIST was detected to express DNMT and MBD2 proteins (Fig. 1) . With the exception of DNMT3A, expression of DNMT and MBD2 were significantly higher in GIST tissues compared to matched non-tumor tissues (Figs. 2 and 3) .
Association between expression of DNMTs and MBD2 and clinical parameters of GIST.
There was no statistically significant association between expression of DNMTs, MBD2 and gender or age in GISTs as detected by the χ 2 and the Fisher's exact tests (P>0.05). However, significant associations were observed between DNMT1 expression and the mitotic index; and DNMT3B expression and tumor size, Helicobacter pylori infection; DNMT3L expression and Helicobacter pylori infection in GISTs (P<0.05) ( Table I) .
Discussion
GIST is the most common mesenchymal tumor in the gastrointestinal tract that usually arises in the stomach (60%) (7) . Seventy percent of GISTs present with non-specific clinical symptoms and the risk assessments for GIST are determined by tumor size, anatomic site and mitotic activity (8) . Early events in GIST development are activating mutations in KIT or PDGFRA, which occur in most GISTs and encode for mutated tyrosine receptor kinases that are the causes for uncontrolled kinase activity and result in alterations to the cell cycle and apoptosis (9, 10) . Immunoreactive detection of KIT (CD117), DOG1, CD34, SMA, CALDES, DES, and S-100 is a useful method for the differential diagnosis of GIST from other mesenchymal tumors (11, 12) . Tyrosine kinase inhibitor imatinib mesylate and surgery are known to be traditional treatments for GISTs. However, certain GISTs (~10-15% in adults, 85-90% in children) are characterized by the lack of KIT or PDGFRA mutations (13, 14) , suggesting a complex pathogenesis of GIST.
DNMT and MBD2 are important functional proteins in epigenetics. DNMT1 methylates hemimethylated CpG palindromes in DNA and is referred to as a 'maintenance' DNA methylation enzyme that faithfully copies the DNA methylation pattern from the parent to the daughter strand of DNA after replication. DNMT2 contains the catalytic signature motifs of conventional (cytosine-5) DNMTs. It has comparably low DNMT activity, but has shown transfer RNA (tRNA) methyltransferase activity (15) . DNMT3A and DNMT3B have been termed de novo methyltransferases and are thought to be involved in the establishment of methylation patterns. DNMT3L lacks the methyltransferase catalytic domain but is involved in the establishment of DNA methylation by recruiting or activating other de novo DNMTs (16) (17) (18) . MBD2 is capable of binding specifically to methylated DNA and can repress transcription from methylated gene promoters (19) . Notably, MBD2 has also been reported to function as a demethylase to activate transcription (20) , as DNA methylation causes gene silencing.
Epigenetic alterations, such as promoter hypermethylation leading to chromatin remodeling and the silencing of cancer-related genes are highly involved in tumor development (21) . A common assumption is that the abnormal expression of DNMTs and MBD2 may contribute to tumor progression through hypermethylation-mediated TSG inactivation in CpG islands. A number of studies have proven that tumors exhibit a high expression of DNMT and MBD2 (19, 22) . However, their involvement in GIST has yet to be elucidated.
In this study, we found almost all the DNMTs, with the exception of DNMT3A, while MBD2 proteins were significantly higher in GIST tissues compared to matched control tissues. This result is consistent with previous studies on the DNMT expression in tumors, suggesting that, besides KIT and the PDGFRA mutation, epigenetic alterations may also be potentially involved in the pathogenesis of GIST. Nevertheless, the associations between DNMT and clinical parameters in GIST indicate the underlying diagnostic value of DNMT expression for GIST. Thus, more GIST samples are required to verify the above-mentioned results. Additionally, to confirm the DNA methylation status of tumor-related genes in GISTs and the potential suppressive effect of the DNMT inhibitor, such as 5-aza-2'-deoxycytidine on GIST further investigations are required in the future.
In conclusion, GIST may exhibit high expression of DNMT and MBD2 protein, thus demonstrating potential associations between DNMT expression and clinical parameters in GIST.
